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DISCUSSION 

One, can not, but acliiiire t,he courage of Professor Esiier 
in undert,aking with the small numhe,r of me tE:orological 
stations available t80 discuss the elusive problem of the 
form, extent, and apparent niovement of areas of positive 
and negat,ive temperature anoinaly that appear daily on 
weather charts for the Northern Hemisphere. 

The question naturally arises, What approac,h to accu- 
rwy is obtained by the use of a small number of stations? 
The present writer underbook t,o compare the result,s for 
Nort,li America wit.li the twice daily forecast charts for 
the corresponding period made and filed in the United 
Stat,es Weat8her Bureau Forecast, Division. Naturally, 
because of the closer network of st,a.tions usecl in drawing 

those chart!,. material difl'erences were found and some 
areas of positive or negative temperature anomaly came to 
light 11 hich the highly generalized charts of Professor 
Esner did not show. 

In the absence of a detailed comparison of the two sets 
of charts it is impossible to say to what, if any, extent 
the general conclusions of the author might be changed. 

The Weather Bureau charts present the departures 
froni iiornial temperature of the current 8 a. m. and 8 
p. m. temperatures (seventy-fifth meridian time). Ob- 
viously these departures would be slightly different were 
tlie daily mean temperatures considered. In any event 
the labor of making an accurate check of the results of 
the two sets of charts is prohibitive. 

THE WEATHER SITUATION IN EUROPE IN THE WINTER OF 1928-29 I 

By E'. M. EXNER 

In  February, 1929, the cold was very abnormal 0ve.r all 
Europe; at Vienna on t8he iiiorning of the 11th there was 
recorded a minimum of -14.5' F., a temperature that, 

' had not occurred at  that point since tlie estmablishnient of 
the station; that is, since the year 1775. I n  the course 
of the 154 ye.ars, during which observations have been 
made regularly, a temperature of -4' or lower mas 
recorded 14 times; the lowest reading previous t,o this 
year was - 11.2' in January, lS50. The 14 instances of 
very low temperature show no regularity as t'o t,ii,e of 
occurrence; no period relative to the coldest yenrs can be 
determined. On the morning of February 11 the severity 
of the cold just above the ground was a striking feature.; 
while the reading was - 14.8' a t  an elevation of 2 met~ers, 
it was -25.6' a few centimeters above the surface of the 
snow. This lowering of temperature was c.ause?d by 
radiation from the snow to the clear sky. Immedinteiy 
below the surface of the ground t,he temperature wa.s 1 1 O  ; 
at rle,pths of 2 c.ent,iineters, 50 cent8inietfers; and at  1 niet,er 
the re,adings were 17.6', 38.4', and 35.G0, resp.eclt,ive,lp. 
In t,he snow and in t8he ground c.oncluct,ion 01 heat is 
rather slow, so wit.h clear sky in winter the surface of t,he. 
e a t h  is very strongly cooled t'hrough outward radiut,ion. 

The cold of wint,er is, of course, nininly t8he result of 
outward radiation. Since in our winter the sun has it,s 
position south of the Equator, the duration of solar radia- 
tion and it,s intensit'y in the Northern Hemisphere are 
considerably less then than in summer; in the t,ropical 
region the radiation of heat from the sun is great even in 
winter and then exeeds the outward radiation from t,he 
earth's surface to space; that is, the tropical region has an 
influx of heat even in that season. The regions of our 
latitudes, and the polar regions especially, have, however, 
in winter more outward radiation than insolation and 
there thus results in these higher latitudes a loss in heat,. 

Despite this continuous loss of he& through outward 
radiation in winter we do not regularly have a cunt8iiiuous 
cooling, but often a stableness in temperature or even a11 
increase therein; this is possible only through supply of 
heat from lower latitudes accomplished by transport,at,ion 
of air. Normally the western part of Europe is niuc.h 
warmer in winter than the eastern part; this comes about, 
solely throu h the fact that in winter the transport,at,ion 

Europe than it does in eastern Europe. 
Hence, the main question of the causes of our phenom- 

ena of cold and heat resolves into those of the so-called 
circulations. In the tropical region there prevails a 

of air from t f l  e south takes place more actively in westmii 

1 Meteorolopisdrc Zeitschri/t. April, 1928. 

heat source; the air is warmed by the ground, which is 
heated by solar rndiation. In the polar regions there 
prevails a cold source; the air is made cool by the ground, 
which is cooled by outward radiation. The result of the 
warming of the air in the Tropics and its cooling in high 
latitudes is a circulation. Aloft there is a flow of warm 
air tomarcl higher latitudes and at  the ground a flow of 
cold air tow-arcl lower latitudes. 

Of course a symmetrical circulation over the whole 
Northern Hemisphere is precluded. The two currents 
can not occur in similar manner over the whole hemis- 
phere fur the reason that the rotation of tlie earth pro- 
duces n deflecting force which causes the poleward current 
to undergo deviation toward the east and the equator- 
ward current deviation toward the west. Therefore, the 
circulation from cold region to warin region and  in the 
reverse direction can take place along a mendian circle 
only when in connection with the poleward current there 
lies low pressure to  the nest and the deflecting force of 
the earth's rotation is counterbalanced by the pressure 
gradient ; in that case a current can penetrate to the Pole. 
On thc other hand, with :I current from the north, there 
must he preqen t n pressure gradient tow-ard the east in 
order thnt the cold masses may penetrate the tropical 
region. Thus there form between the two currents 
regions of high and of low pressure; for example, if a 
warni current flows from south to north and on its western 
side there flows a cold current from north to south, then 
between these twvo branches of n circulation there lies a 
region of low pressure, m d ,  on the other hand, if the cold 
current flows on the eastern side of the warm one there 
lies between the two currents a region of high pressure. 

Thus the cyclone and the anticyclone appear as a result 
of the circulation that unquestionably must result from 
the presence of sources of heat and cold in fluids. All air 
niovenient on the earfh is made possible by heat energy. 
The speciallj- intense phenomena of air niovement, such as 
the cyclones, originate through friction between the two 
riirrents of the circulation. We may designate such 
cyclones friction whirls, whose axes lie not vertical but 
nearly horizontal. Each cyclone and each anticyclone 
effects, through mixing of the air, a kind of teniperature 
:tdjustnient with the two currents between which it lies. 
The main currents of the cold and of the warm air lie, 
however, n t  the sides of tlie true areas of the cyclones and 
the anticyclones and an adjustment of temperature is 
maintained by these two phenomena, but still not fully 
effected. As a result the warm air to the east of the 
cyclone flows still farther toward the cold region while the 
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cold air west of the c.yclone moves stsill farther toward t,he 
warm region, the south. At, length the warm air masses 
arriving in the polar region spread toward t,he, right, and 
toward the left, tho current, divides inbo t,wo or more 
parts and intermingles with t,he cold mass of air. In the 
south the cold current clivides toward east and west,; 
through this division the advancing c.001 air is warmed 
more and more until a t  length as warm air it  flows from 
the tropical toward the polar region. By "c,ircula.tioii" 
we are. to understand continuous circ.ulatory nioveme.nt 
of each air mass. 

The stretches over which a circulation first t,akes p1ac.e 
do not generally remain continuously the same. In t8hc. 
winter of our lat,itiides the oceans are relat,ively warmer 
than the continenh; therefore, a warm current, holds itself 
rather to the ocean than t'o the cont'inent,. Normally, 
however, parts of the warm current invade the continent,s 
again and again, for the most part t,oward t,he east,. In 
analogous manner the c.old current,s keep rather t'o the 
cold continents, but tfhey, too, divide and flow out over 
the oc.eans. Hence, unde.r normal condit,ions t,he c.yclones 
of our hemisphere migrate t,owarcl t>he east or hhe norbh- 
east, so that in reality all regions from the subtropics t'o 
the Pole are crossed by cyclones. Usually we see on the 
Northern Hemisphere two or three great, circulat,ions 
lying adjacent to one anothe.r, and, as wa.s mentioned 
above, there appear small branches on bot,h sides of the 
main currents. On account of the great mobility of the 
air, these c.irculations are very variable, and at' present we 
have no rather exact knowledge of the individual phenom- 
ena. Only after obser~at~ion of tjlw moment,ary fornis of 
circulation are we able to estimate the change in t,he same 
in the immediate future. 

I n  the winter of 1928-29 the usual circulation consist,ing 
of three to four systems at  the beginning gradually t,rans- 
formed into only two main systems of circulat,ion; t,hat is, 
into cold current,s from the nort8h over Eurasia and Norbh 
America and w-arm currents over t,he Atlantic. and Pacific 
Oceans; this was accomplished in February. The great 
c.ontinenta1 region of nort'he.rn Asia and northern Europe 
had evidenbly become, co1de.r and colder on acc.ount of 
preceding snowfall, since, t,he outward radirttion from snow 
cover is very intense while, insolation is strongly refl 
from it and effects no part,icular retardat,ion of the cooling. 
Through t,his outward radiation the air at, the ground had 
cooled more and more. On account of its greater specific, 
gravity, it could not be removed by winds of highe.r 
temperature; t.he c,old air masses incre.ased in size and, as 
a region of high a.tniospheric pressure, bc,gan to spread 
out on all sides. This outspreading naturally took place 
toward wtumer regions. Thus there originated cold cur- 
rents toward south, east, and west, and to great,er extent, 
over the lowlands, since on account of fric.tion a t  the 
ground the cold air mass does not advance so rapidly as 
the warm air mass which extends higher. The cold cur- 
rents of the circu1at)ions have, therefore., for t'he most part 
a wider extension at  t)he eart,h's surface t,han t,hose of the 
warm current,s. 

In  its western extent the c,old curre,nt, from the nort'hern 
part of Eurasia moved in true normal manner t o w ~ r d  
southern and western Europe. This t,ook place 111 con- 
nection with two warm currents that regularly occur with 
cold continental air-when a warm current omr the At- 
lantic, especially one from low latitudes, advances north- 

ward at  t>he eastern limit of the ocean the warm air can 
k-eep to the re.gions of the seas, t,he regions nort8h and north- 
enst of Sc.andmavia, and t,hnt of the Medite.rranean Sea. 
As a result of pressure differences aloft, t,his form of circu- 
1a.tion carries t,he warm air toward the coldest surface 
regions, t'hus from t8he east,ern part of the At'lantic Ocean 
over Spit'zbergen and Nova Zembla t,oward interior Asia 
and also over the Mediterranean Sea toward southern 
Russia. With this invasion of warni air into the cold 
region there form on the left, of the wa.rni curre,nts whirl 
formations (cycJones), through which there results lower 
pressure in the region of rotation between currents, and 
this draws in new cold niasses from t,he left side of 6he 
current. The inva.sion of a warni current to the Arct.ic 
border of Russia regularly had as a result a new invasion 
of c.old from the north towa.rd the sout'hwest, whereby the 
warm current which had ent,ered the northern continental 
wgion was cut off by the cold current. Likewise the 
bending of a warm current, to t,he east int,o the Mediter- 
ranean Sea re,gula.rly brought about a rotation over the 
Mediterranean Sea and a ne,w invasion of cold toward 
Busbria., and this fre.quent,ly reac.hed a.s far as Italy. 

At the same t,ime there is present on the west,ern border 
of t'he cold mass, bordering t,lie warm Atlantic current, a 
regu1a.r bending of the cold c.urrent from the northeast t,o 
west, northwest, and eve.n n0rt.h; wit)hout' this parallel 
flowing of the cold border mass and the adjacent .warm 
winds no continuing condition will be able to exist on 
account of the deflecting force of the earth's rotation. In 
this way t,he current from east t,o and northwest came 
to be cont'iniious and brought intense cooling even ho Eng- 
land. The warm current on the west could not dissipate 
the cold, since t,here came a continuous supply of cold air 
niasses from the east,. 

Southern Russia and cent,ral Europe had throughout 
the ent,ire time lower temperatures than t,he Lofoden 
Islands, Iceland, and Spitzbe,rgen. Since the warni cur- 
rent over t,he At,lrtntic could not, shift toward the east on 
ac.c.ount of t,he intense cold over Eurasia, but remained over 
the ocean, the related cold countercurrent on t,he west 
held cont,inuously t,o the region of North America. In 
eastern Asia the cold cmrent, cont<inued through the c,old 
pe.rioc1 in t,hat rc,gion, so the warm current to t,he east wa.s 
limited to the Pacific Ocean. In this way there were 
maintained, especially afte,r the latter half of January, 
only the two above-mentioned circulations over the 
Northern Hemisphere. 

The greater the number of circulations that are present 
on the hemisphere the more variable becomes the weather; 
the fewer the circ,ulations the inore uniform the weather. 

The manner in which such phenomena began with the 
coining winter is not known. The air mass over the eart,h 
is continually in motion, and must have in its enorniously 
great dimensions very complicated changes in movement 
that are n1uc.h more diffic,ult t'o understand than, for es- 
ample, niovement,s of wat,er in rivers and seas; the atmos- 
phere has no banks or shores; the continents and the 
oceans alone give us a bit, of understanding. Consequently, 
the phenomena of c.urrent,s on the whole of our globe pres- 
ent a difficult problem whic.h we can grasp somewhat better 
only gradually through inwstigation of the currents. 
The ideas that, any extraterrestrial, cosmic phenomena 
have an influence on such weather situations appear to me 
t,o be ent,ire,ly unwarranted.-Translated by W .  W.  Reed. 


